The phylogenetic relationships of European and African Barbus and their West Asian relatives in Cyprininae remain largely unresolved. Consequently, little is known about the drivers of their evolution, including the possible association of uplifting of the Qinghai-Tibetan Plateau (QTP) with the early divergence of the subfamily. We use complete sequence data of the mitochondrial DNA gene encoding the protein cytochrome b (Cytb) to hypothesize the phylogeny of 85 species belonging to 47 genera in the Cyprininae plus 6 species from the Leuciscinae. We employ 6 other species from Cypriniformes as outgroup taxa and estimate divergence times. Our results indicate that European Barbus sensu stricto lineage including Aulopyge shares a common ancestor with specialized and highly specialized schizothoracins and the genera Cyprinion and Scaphiodonichtys. The common ancestor appears to have originated in the Qinghai-Tibetan Plateau (QTP) region about 19.4-17.8 Ma. Barbus sensu stricto lineage appears to have originated about 16.6-15.5 Ma. Small to medium sized African Barbus sensu lato appear to have had an Oriental origin about 19.1-15.3 Ma and are closely related to Asian Puntius. West Asian Carasobarbus lineage including large African Barbus sensu lato might have originated about 9.94 Ma, also in Oriental Realm and has a close relationship to Asian Neolissochilus and Tor. The large-sized Barbus sensu lato appear to have diverged from Carasobarbus about 7.7 Ma. Finally, the Cyprininae appear to have radiated rapidly into nine lineages and many sublineages from about 27.8 to 17.8 Ma, close to the time of the second-stage tectonic movements of the QTP. Our analyses provide evidence that the uplifting of the QTP drove early diversification of the Cyprininae. Our extensive sampling of species involving all of the important areas results in clear evolutionary scenario for the Cyprininae. 
spine being a single plate without a dissociative (unbounded) supraneural and the anal fin having five branched rays. Morphology indicates monophyly of this group of fishes [4] .
Genus Barbus, one of numerous genera forming the Cyprininae, once included several hundred species spread widely across Asia, Europe, and Africa. Thought to be a polyphyletic assemblage of species, it was often referred to as "Barbus sensu lato" [5] , hereafter termed "barbs". Nowadays, Asian species of barbs are in other genera (e.g. Puntius, Acrossocheilus, Tor) except for West Asian forms [6] [7] [8] . In Europe, all species of barbs and some species from North Africa and West Asia are in Barbus sensu stricto including subgenera Barbus and Luciobarbus [6, [9] [10] [11] [12] . The genera Aulopyge and Capoeta belong to the Barbus sensu stricto lineage and the Barbus sensu stricto respectively [9, 13] . Africa barbs comprise 60.5% of the 477 African cyprinids [14] and these occur in two groups: large size and small-medium size [5, 13, 14] . The large fishes now belong to West Asian Carasobarbus lineage and West Asia now has appears to have one species only of barbs [13] .
Taxonomists do not present consistent viewpoints on the relationships of species of Euro-Mediterranean Barbus and African barbs, as well as for Cyprininae from China, Southeast Asia, and South Asia [6, 15] . Previous molecular phylogenetic studies of Cyprinidae and Cypriniformes evaluate too few species to obtain an overall suite of relationships for the group, though these studies achieve their major objectives [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] .
Herein, we hypothesize the evolutionary relationships of European and African Barbus, their West Asian relatives, and Cyprininae in China, Southeast Asia, and South Asia. We assess 85 species belonging to 47 genera of Cyprininae as well as six species of Leuciscinae and five outgroup taxa. We estimate divergence times and investigate the biogeography of Barbus. We explore the possibility that orogenesis of the Qinghai-Tibetan Plateau (QTP) drove the early radiation of the Cyprininae. To maximize taxonomic representation, we employ data from the mitochondrial DNA (mtDNA) gene encoding cytochrome b (Cytb) because this marker is widely used in phylogenetic studies of these fishes and it is a useful marker for studying higher-level relationships of teleosts [10, 13, 16, 19, 20, [35] [36] [37] [38] [39] .
Materials and methods

Sample collection and DNA extraction
Thirty one species were sampled de novo mainly from Yunnan, China (Table 1) . Tissue samples were preserved in 95% ethanol and voucher specimens were deposited in the Zoological Museum of Yunnan University. Total DNA was extracted from muscle tissues using the standard phenol-chloroform extraction method. Sequences of cytb from 67 species were downloaded from GenBank (Accession numbers were listed as Table 1 ).
PCR amplification and sequencing
The complete sequences of Cytb were amplified with the primers L14724, L14737, and H15915 [33, 40] . PCR amplifications were carried out in 50 µL reaction mixture containing 5 µL 10×PCR buffer (TaKaRa, Japan), 0.2 mmol L −1 dNTPs, 0.2 µmol L −1 each primer, with 1.5 U Taq DNA polymerase (TaKaRa) and approximately 50-100 ng genomic DNA. Reactions involved 33 cycles, each including denaturation at 94°C for 1 min, annealing at 52°C for 1min, and extension at 72°C for 1 min. PCR products were purified with Gel Extraction Mini Kit (Waston BioTechnologies). PCR products were sequenced in an ABI Prism 3730 (Applied Biosystems) automatic sequencer. Sequencing used both the PCR primers and internal primers (L15138, L15286, L15519, H15374, and H15560) [40, 41] .
Data analysis
All sequences were aligned using the MegAlign implemented in DNAStar 6.0 (DNASTAR, Madison, USA). The nucleotides were translated to amino acids to confirm the absence of pseudogenes and for alignment. Polymorphism assessments were made using MEGA 4 [42] .
Phylogenetic reconstructions were performed using maximum parsimony (MP) as implemented in PAUP* 4.0b10 [Swofford] , maximum likelihood (ML) by RAxML [43] , and Bayesian inference (BI) using MRBAYES 3.2 [44] . We selected the best-fitting models for ML and BI analyses using likelihood ratio tests as implemented in JMODELTEST 0.1.1 [45] [46] [47] [48] [49] . In the BI analysis, four independent Markov Chain Monte Carlo (MCMC) chains were simultaneously run for 5000000 generations while sampling one tree per 500 replicates, Burnin = 0, and Burninfrac = 0.10, 0.20, 0.30, 0.40, and 0.50, with two runs conducted independently. Sampled trees were used to construct a 50% majority rule consensus tree. The frequency of nodal resolution, termed a Bayesian posterior probability (BPP), was mapped on the BI tree. For MP and ML analyses, nodal support was assessed using nonparametric bootstrapping of 1000 pseudoreplicates [50] .
Estimated divergence times
We used BEAST 1.5.3 to estimate divergence times under a relaxed clock with branch-specific rates following a lognormal distribution [51, 52] . Four time-points were used to calibrate clock dates. A date of 55.8-40.4 Ma was used for estimating divergence of the Cyprinidae from the outgroup taxa based on Cavender [53] , who believed the oldest cyprinid fossils were from the Middle Eocene. The second calibration point was 37.2-28.4 Ma for divergence of Cyprininae and Leuciscinae also based on Cavender [53] , who 
Results
Phylogeny
Cyprininae was monophyletic and this was strongly supported in our analyses (BPP = 100%, ML = 97%). The group contained nine lineages ( Figure 1 ; MP not shown), of which lineages I, II, III, IV, VII, and IX corresponded to clades 3, 2, 1, 6, 7, and 4, reported by Yang et al. [34] , respectively, who did not assay West Asian Carasobarbus and large African and West Asian barbs. Lineage I (BPP=100%) contained sublineages I-1 and I-2 ( Figure 1 ). Sublineage I-1 contained Southeast and South Asian Barbodes carnaticus. Sublineage I-2 contained four small lineages. From Yunnan, two species of Tor formed lineage I-2a, two species of Neolissochilus comprised lineage I-2b, and two individuals of N. benasi formed I-2c.
Large African barbs (including Varicorhinus beso), West Asian Carasobarbus plus Kosswigobarbus kosswigi and
Barbus grypus formed lineage I-2d, which was Carasobarbus lineage of Durand et al. [13] .
Major lineage IV (BPP = 100%) contained four sublineages. Hampala macrolepidota (IV-1) from Yunnan of Southwest China was the sister group of the other sublineages. Sublineage IV-2 was comprised of Puntius tetrazona from Southeast Asia. The two species of Puntius from Yunnan and Southeast Asia formed sublineage IV-3, and the small-medium sized African barbs comprised IV-4. Lineage VI (BPP = 95%) consisted of Sinocyclocheilus from Southwest China.
Lineage IX (BPP = 97%) was the largest group. Relationships among its four sublineages were not well-resolved. Spinibarbus yunnanensis (IX-1) formed the sister group to the other sublineages followed by IX-2 (Schizothorax from highland Asia and Percocypris pingi pingi from Yunnan; BPP = 100%), and then IX-3 (BPP = 100%) (Acrossocheilus and Onychostoma from Yunnan) and IX-4 (BPP = 94%). The latter group contained Barbus sensu stricto, Aulopyge, Capoeta, Cyprinion, from Europe, West Asia, and North Africa, Scaphiodonichthys acanthopterus from Yunnan, and specialized and highly specialized, high-elevation Asian schizothoracins [36, 37, 54] . This sublineage further divided into four groups (IX-4a, IX-4b, IX-4c, and IX-4d). Lineage IX-4d (BPP = 100%, ML = 100%) consisted of Barbus sensu stricto, Aulopyge hyegeilii, and Capoeta capoeta; it corresponded to the Barbus sensu stricto lineage of Tsigenopoulos and Berrebi [9] .
Estimated divergence times
The common ancestor of Cyprininae originated about 32.3 Ma (Figure 1 
Discussion
We do not discuss the species and topologies of lineages II, III, V and VIII (Figure 1 ) because they are not the focus of this work. The species are important for confirming relationships of our targeted taxa.
Relationship of European and African Barbus to Asian Cyprininae
European Barbus sensu stricto lineage (including Aulopyge and Capoeta) and Asian Cyprinion, Scaphiodonichthys and specialized and highly specialized schizothoracins have a close relationship because they together from the sublineage IX-4 ( Figure 1 ). Howes [15] stated "the barbin lineage (i.e., Barbus sensu stricto) may be more closely related to the schizothoracins than to any of the other so far identified". Banarescu and Coad [6] also stated Barbus "appears to be related to the East Asian Sinocyclocheilus and High Asian Schizothoracini" [15] . Our results support these hypotheses to a certain extant (Figure 1 ). Many previous molecular trees displayed close relationships between European Barbus and schizothoracins. Differences among relationships owe mainly to sampling strategy, and in particular the absence of critical samples [13, [20] [21] [22] [23] [24] 26, 27, [30] [31] [32] [33] [34] . Our study, the first to provide detailed relationships for these fishes (Figure 1) .
Our tree depicts divides African barbs into large and small-medium sized fishes and this is congruent with previous morphological and molecular studies [5, 13, 14] . Large sized African barbs (including Varicorhinus beso) belong to West Asian Carasobarbus lineage (including Kosswigobarbus) [13] . Our results closely associate this lineage with Neolissochilus and Tor from Southwest China, Southeast Asia, and South Asia (Figure 1 ). Previous molecular studies did not reveal this relationship owing to the absence of critical species, such as Carasobarbus and large sized barbs, and/or Neolissochilus and Tor [9, 13, 26, 27, 34] . Smallmedium size African barbs have a close relationship to Oriental Puntius, perhaps exclusive of P. semifasciolatus; this resolution is consistent with most previous analysis [23, 24, [30] [31] [32] [33] [34] but conflicts with the proposal of Howes [15] , who claimed African Barbus was not related to Puntius.
Origin of European Barbus sensu stricto and African Barbus sensu lato
European Barbus sensu stricto lineage including Aulopyge appear to have shared a common ancestor with Cyprinion, Scaphiodonichthys, and the specialized and highly specialized schizothoracins. Taken together, our phylogeny and the geographical distribution of the genera in lineage IX and sublineage IX-4 ( Figure 1, Table 1 ) suggests that the common ancestor had an origin on the Qinghai-Tibetan Plateau (QTP) about 19.4-17.8 Ma (Early Miocene; Figure 1 ). European Barbus sensu stricto lineage might have originated in northern areas adjacent to the QTP and dispersed to Europe about 16.6-15.5 Ma (Figure 1 ). This finding is concordant with oldest European fossil records of Barbus dated at 15-11 Ma [10] . Dispersal might have started from Xinjiang, China, and then, as advocated by Banarescu and Coad [6] , first reached western Siberia (Kazakhstan). As proposed by Tsigenopoulos and Berrebi [9] , the common ancestor may have then crossed the Paratethys Sea-the Middle Miocene nearly brackish interior sea that once covered Southeast Europe and West Asia, extending as far east as the present Caspian Sea-or its coastal water system on its way to Europe.
The topologies of lineages I and IV (Figure 1 [55] . This correspondence corresponds to our estimated divergence time. No previous molecular study has analyzed the biogeographical relationships between African Barbus and Chinese, Southeast Asian, and South Asian cyprinine fishes, except for Durand et al. [13] , who proposed that the West Asian Carasoburbus lineage might have originated from adjacent countries, such as India.
Radiation of Cyprininae and tectonic movements of the QTP
The Cyprininae appears to have radiated into nine lineages and some sublineages starting from about 27.8 to 17.78 Ma (Figure 1 ). This time frame corresponds with the second stage tectonic movement and uplifting of the QTP (29-18 Ma), which occurred more frequently at its southeastern margin [56] . Further, extant schizothoracins appear to be adapted to high-elevation environments because most species live on the QTP. Almost all other members of the subfamily inhabit the surrounding areas, especially Southwest China and Indochina; in the latter two areas, all the tribes and most genera of the subfamily have their own distribution [6] [7] [8] 57] . A new fossil genus of barbins dates to Ma in Qaidam Basin, QTP [58] and it appears to be among the oldest fossil genera in Cyprininae [4, 53, 58] .
Our analyses suggest that the recent ancestor of the Cyprininae likely had a wide distribution on the QTP and adjacent southeastern areas before 27.8 Ma. Diversification starting from about 27.8 to 17.8 Ma is associated with the second stage of intense tectonic movement of the QTP. This orogenesis is associated with the origins of the major lineages and some sublineages. Orogenesis of the QTP appears to be the driver of current patterns, as also appears to be true for frogs in the tribe Paini [59] . Divergence of European Barbus from other sublineages within IX-4 about 16.6-15.5 Ma may also have been driven by uplifting of the QTP.
